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[Abstract] 
[Object] 

An object is to suppress influence of .noise, to increase multipje-yah^ nu^mber 
and to reduce errors, when data are to be recorded in multi-value on an optical disk. 
[Structure] 

By level detecting circuits 8 and 14, a reproduction RF signal level and a 
reproduction push-pull signal level of an optical disk 6 are detected. Using the 
reproduction RF signal and the reproduction push-pull signal from the optical disk 6, 
data recorded in multi -value system on the optical disk 6 are reproduced. 
[Scope of Claim for Patent] 
[Claim 1] 

A method of reproducing an optical recording medium having data of three or 
more values recorded by pits of different depth, wherein 

an RF signal level and a push-pull signal level from said optical recording 
medium are detected, and the data recorded on said optical recording medium are 
reproduced from the RF signal level and the push-pull signal level. 
[0010] 

[Embodiment] 

An embodiment of the present invention will be described with reference to the 
figures. On an optical disk used in the optical disk reproducing apparatus to which the 
present invention is applied, data of 8-values are recorded, corresponding to portions A2, 
B2, C2, D2, E2, F2, G2 and H2 of different depth, as shown in Fig. 2. By way of 
example, Al has the depth of 0, B2 of XIS, C2 of X/4, D2 of 3X/8, E2 of 5>J16, E2 of 3X/16, 
F2 of 3X/16, G2 of X/16 and H2 of 7X716. 
[0011] 

The data recorded in multi-value in this manner are reproduced using RF and 
push-pull signals. In a conventional optical disk of multi-value recording, reproduction 
is done using only the reproduction RF signal level. In an embodiment of the present 
invention, the multi-value data are reproduced using the reproduction RF signal level 
and the reproduction push-pull signal level. Therefore, even when the number of 
values for multi-value recording is increased, data can be reproduced without error. 
[0012] 

Specifically, Fig. 3 represents a relation between pit depth and the 
reproduction RF signal level, and a relation between pit depth and the reproduction 
push-pull signal level. The reproduction RF signal level attains to approximately 0 
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when the pit depth is 0 and XI2, and attain the maximum when the pit depth is XI4. 

The polarity of reproduction RF signal level is constant. 

[0013] 

On the contrary, polarity of reproduction-push-pull signal level is positive when 
the pit depth is X/4 or shallower, and it attains the positive local maximum when the pit 
depth is X/8. When the pit depth is between XI A to X/2, the polarity is negative, and the 
signal level attains local minimum when the pit depth is 3X18. 
[0014] 

For instance, the reproduction RF level is the same when the pit depth is XI8 
and 3X18, Therefore, when only the reproduction RF level is used, it is impossible to 
distinguish a signal corresponding to the pit depth of XI8 from a signal corresponding to 
the pit depth of 3X18. It is noted, however, that when the pit depth is X/8 } the 
reproduction push-pull signal level is positive, and when the pit depth is 3X18, the 
reproduction push-pull signal level is negative. Therefore, by detecting both the 
reproduction RF signal level and the reproduction push-pull signal level, it becomes 
possible to determine whether the signal corresponds to the pit depth of X/8 or 3X18. 
[0015] 

As shown in Fig. 2A, when there are portions A2, B2, C2, D2, E2, F2, G2 and 
H2 having different depth, the reproduction RF signal levels are "0", "2", "4", "2", "3", "3", 
"1" and "1", respectively Further, the reproduction push-pull signal levels at portions 
A2, B2, C2, D2, E2, F2, G2 and H2 are "0", "+2", "0", "-2", "-1", "+1", "+1", "+1" and "-1", 
respectively. 
[0016] 

In this case, by detecting the reproduction RF signal level and by detecting 
whether the reproduction push-pull signal is "0", negative or positive, it is possible to 
determine from which pit depth the reproduction signal comes from. 
[0017] 

More specifically, if the reproduction RF signal level is "0" and the push-pull 
signal level is "0", it is determined that the portion A2 having the depth of 0 is being 
reproduced. 
[0018] 

When the RF reproduction signal level is "1", it can be determined that the 
portion G2 having the depth of X/16 or the portion H2 having the depth of 7X116 is being 
reproduced. Here, if the reproduction push-pull signal level is positive, it is 
determined that the portion G2 of X/16 is being reproduced, and if the reproduction 
push-pull signal level is negative, it is determined that the portion H2 of 7X116 is being 
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reproduced. 
[0019] 

When the KF reproduction signal level is "2", it can be determined that the 
portion B2 ha vin g the depth of X/.8 or the portion F2 having the depth of 3X/8 is being 
reproduced. Here, if the reproduction push-pull signal level is positive, it is 
determined that the portion B2 of X/8 is being reproduced, and if the reproduction 
push-pull signal level is negative, it is determined that the portion D2 of 3X/8 is being 
reproduced. 
[0020] 

When the RF reproduction signal level is "3", it can be determined that the 
portion E2 having the depth of 5X116 or the portion F2 having the depth of 3X/16 is being 
reproduced. Here, if the reproduction push-pull signal level is negative, it is 
determined that the portion E2 of 5X/16 is being reproduced, and if the reproduction 
push-pull signal level is positive, it is determined that the portion F2 of 3X/1G is being 
reproduced. 
[0021] 

When the reproduction RF signal level is "4" and the reproduction push-pull 
signal level is "0", it is determined that the portion C2 having the depth of XI A is being 
reproduced. 
[0022] 

Fig. 1 shows an embodiment of the present invention. In one embodiment of 
the present invention, multi-value data are reproduced using the reproduction RF 
signal level and the reproduction push-pull signal level. In a common optical disk 
reproducing apparatus, when just on a track, the push-pull signal level is minimum, 
and therefore, it is difficult to reproduce the multi-value data using the reproduction RF 
signal level and the reproduction push-pull signal level. Accordingly, in the 
embodiment of the present invention, two reading spots, that is, a spot for obtaining the 
RF signal and a spot for obtaining the push-pull signal are directed to the disk, with the 
spot for obtaining the push-pull signal shifted off from the center of the track, so that 
the RF signal and the push-pull signal can be obtained. 
[0023] 

Referring to Fig. 1, a laser beam from a laser diode for detecting the RF signal 
level passes through a beam splitter 2, a 1/4 wavelength plate 3, a beam splitter 4 and a 
lens 5, to be incident on an optical disk 6. The laser beam from laser diode 1 is 
positioned on the center of the track, as shown by a spot SP1 in Fig. 4. 
[0024] 
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The laser beam is reflected from optical disk 6, and the reflected light passes 
through lens 5, beam splitter 4, 1/4 wavelength plate 3 and reflected by beam splitter 2, 
and received by a photo diode 7. The output of photo diode 7 is supplied to a level 
detecting circuit 8. The output of level detecting circuit 8 is supplied to a reproduction 
data determining circuit 9. 
[0025] 

A laser beam from a laser diode 11 for detecting the push-pull signal is passed 
through a beam splitter 12, reflected by beam splitter 4, and passed through lens 5 to be 
incident on optical disk 6. The laser beam from laser diode 11 is positioned off from the 
center of the track, as shown by a spot SP2 in Fig. 4. 
[0026] 

The laser beam is reflected by optical disk 6, and the reflected light is passed 
through lens 5, reflected by beam splitter 4, further reflected by beam splitter 12 and 
received by a photo detector 13. The output from photo detector 13 is supplied to a 
level detecting circuit 14. By level detecting circuit 14, the reproduction push-pull 
signal level is detected. The output of level detecting circuit 14 is supplied to 
reproduction data determining circuit 9. 
[0027] 

In reproduction data determining circuit 9, the reproduced data is determined 
from the detection output of the reproduction RF signal level from level detecting circuit 
8 and the detection output of reproduction push-pull signal level from level detecting 
circuit 14. The reproduced data is output from an output terminal 15. 
[0028] 

Though two spots are formed on the optical disk in the embodiment described 
above, it is possible to form a primary light beam by moving a grating G, which may be 
delayed by about 0.1 jam on the disk surface to detect the push-pull signal as shown in 
Fig. 5. 
[0029] 

Alternatively, one spot may be always positioned on a portion shifted off from 
the center of the track as shown in Fig. 6, so that the reproduction RF signal and the 
reproduction push-pull signal can always be obtained. This method, however, has a 
problem that tracking control tends to be instable. 
[0030] 

Further, the track on which multi-value data are recorded may be wobbled, as 
shown in Fig. 7. 
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